We provide here supplementary materials such as methodologies, complementary data, experimental analysis, supplementary figures and tables and detailed information of sampling sites.
for each quantitative PCR assay. Tenfold serial diluted plasmid DNA with known copy number was subjected to real-time PCR in triplicate to generate an external standard curve. Melting curves were generated after each assay to check the specificity of amplification. PCR efficiencies were 90-103 % (average 92 %) for anammox bacterial hydrazine synthase gene (hzsB) and archaeal & bacterial amoA genes. Only the results with correlation coefficient above 0.98 were employed.
In the real-time PCR quantitative assays targeting the hzsB gene, the detection limit of environmental samples was determined by a diluting method. Four samples with the lowest abundance were chosen and diluted for 10 times, 20 times, 60 times, 100 times, 500 times. With the identical PCR procedure, the lowest anammox abundance was observed with the undiluted sample of CZ29-4 at 8.877 copies/μl (supplementary Figure 7) which was thus assumed to be the detection limit in this environmental investigation.
Measuring anammox and denitrification rates with 15 N-tracer technique
The anammox and denitrification rates were obtained in intact incubations with 15 N-tracer technique combined with the measuring of anammox and denitrification potentials in slurry incubations (Trimmer et al., 2006) . Intact sediment/soil cores were collected from all the sampling sites. The 10 cm long Plexiglas core tubes with an i.d. of 5.0 cm were used for sediment/soil sampling and incubation. Cores were capped and stored at 4 °C then returned to the laboratory for pre-incubation by being placed in an open tank filled with air-saturated in situ water and maintained at in situ temperatures. Small Teflon coated magnets were placed 5 cm above the sediment/soil surface and rotated by an external magnet (≈ 60 rpm) to ensure a homogenous mixing of the water column. After 12 h pre-incubation, a stock solution of 15 NO 3 -(99.29%) was added to the water in the open incubation tank to achieve a final concentration of about 100 μM, and a syringe was used to exchange the water in each sediment/soil core with 15 NO 3 rich water from the reservoir in order to obtain a uniform mixing of the added isotope in all cores. Gastight lids were then secured on all cores and incubation then started. Three amended cores were sacrificed at time of 0, 3, 6, 12 and 24 h by opening the lids, gently stirring the sediment/soil and the ambient water, and collecting 12 mL of slurry into a gastight vial (Exetainer, Labco, UK, 12 mL) containing 200 μL of 7 M ZnCl 2 , for N 2 analysis. Samples in vials were then capped without headspace.
At the same time, anoxic slurry assays with 15 N-tracer technique were also conducted according to reference (Risgaard-Petersen et al., 2004) . The homogenized sediment/soil samples with known weight (2 mL, about 3-3.5 g) and density were transferred to the 12-mL gastight vials (Exetainer, Labco, UK) together with N 2 -purged media water at in situ temperature. The resulting slurries were then pre-incubated for 24 h to remove residual NO x in sediments/soils and incubation media. Subsequently, 100 μL of N 2 -purged stock solution of each isotopic mixture, i.e. (1) 15 sample and interface soil without any accumulation of 30 N 2 . This pattern was reproducible and the results showed that the anammox process was detectable in the sediments and interface soils.
Slurries amended solely with 15 NO 3 were analyzed by measuring the 15 N-labled N 2 production for anammox and denitrification potentials.
For N 2 analysis both for intact and slurry incubations, a 2-mL clarified water sample from gastight vials containing 15 N treated samples was introduced into another gastight vial flushed with analytical grade He. The vials were then shaken vigorously, inverted, and stored upright at 22°C to allow N 2 to equilibrate between the water phase and headspace. Headspace gas samples were then analyzed for 28 N 2 , 29 N 2 and 30 N 2 content measured by Isotope Ratio Mass Spectrometers (Finnigan MAT 253, Germany). The measurements were accomplished in the key laboratory of Tibetan environment changes and land surface processes, Institute of Tibetan Plateau Research, Chinese Academy of Sciences.
The rates and potential contributions to N 2 formation of either anammox or denitrification were calculated from the produced 29 N 2 and 30 N 2 . Firstly, to obtain the contribution of anammox to total N 2 production (ra), potential rates of anammox and denitrification in the slurry incubations were calculated using the equations described by Thamdrup and Dalsgaard (Equation 1# and 2# in supplementary Table 7 ). Then we quantified anammox and denitrification in intact cores using the method, in which production rates of 29 N 2 and 30 N 2 , together with the determined r 14 value (Equation 3# in Table S7 ) were then used to calculate total N 2 production and anammox/denitrification rates (Equation 4#, 5# and 6# in supplementary Table 7) .
N 2 O concentrations measuring and fluxes
The closed-chamber technique was applied to measure nitrous oxide, with triplicate chambers at the each time. The stainless steel chambers consisted of two parts: pedestal and upper chamber. The pedestal is 25 cm high with an internal diameter of 40 cm. The lower rim was sharpened to be driven into soil, and the upper rim had a 2 cm by 2 cm gutter around the outside that could be filled with water to make an airtight seal within the upper chambers. The upper chamber (h = 45 cm) was equipped with two battery driven brushless fans, for mixing of the chamber headspace, and one temperature probe.
N 2 O concentrations were measured shortly after sampling by gas chromatography (Agilent 4890D) with an electron capture detector (ECD). The temperature of the ECD was 330°C and the oven was 55°C . The precision of the N 2 O analyses was ±2.8 %, based on replicate analysis of standard gas. When temperature was 25°C and air pressure was 1000 hPa, the minimum detectable fluxes were 28 mg m -2 h -1 , 14 mg m -2 h -1 and 9 mg m -2 h -1 in 5 min, 10 min and 15 min gas sampling intervals, respectively. A standard gas was analyzed after every 6 samples. N 2 O flux was calculated from linear change of its concentration in chamber headspace as a function of time, base area, chamber volume, and molar volume of N 2 O at chamber headspace air temperature. Values of the coefficient of determination (R 2 ) for linear regression of the concentration change over time were greater than 0.90 for most data sets.
Statistical analysis
Statistical analyses were conducted using PASW Statistics 18.0 software (Predictive Analytics Software Statistics). The Kruskal-Wallis test and Mann-Whitney U test were used respectively for the comparison of three and two data groups. Correlations between variables were computed by Spearman correlation analysis. The level of significance in this study was α = 0.05. Graphing was achieved using Origin 8.0 software. The variability of determined anammox bacterial abundance, rates and N 2 O flux were expressed as interquartile range, the most commonly-used resistant measure of spread, which was defined as the 75 th percentile minus the 25 th percentile.
Analytical procedures of environmental variables
All the analyses of water quality parameters were performed according to the Standard Methods (APHA). The measurements of DO, pH and the temperature of water were conducted using a multi 340i device (WTW, Germany), equipped with CellOx 325 and pH-Electrode SenTix 4 probes, respectively. The environmental physicochemical variables of sediments and soils, including pH, NH 4 + -N, NO x --N, total nitrogen, total phosphorus, total organic material, total carbon, were investigated according to ref (Bao 2000) . The dissolved oxygen concentration in surface sediments was measured in situ using an OXY Meter S/N 4164 with stainless electrode sensor (Unisense, Aarhus, Denmark), according to ref (Gundersen et al., 1998) . Triplicates were run for QA/QC. 
Supplementary figures and tables

Figure 4
Graphs showed how we got the rates of anammox and denitrification under different substrate conditions. Three treatments of a sample with 15 N labeled on ammonium and nitrate separately were conducted to verify the exhaustion of nitrate or nitrite (A-a), confirm the occurrence of anammox (A-b), and calculate the anammox and denitrification rates (A-c). When the substrates were insufficient, the N 2 production by anammox and denitrification would stagnate (B), and then the rates of anammox and denitrification were calculated using data before the stagnation (C). When the substrates were sufficient, the rates were calculated directly from the slopes between N 2 production and time (D).
Figure 5
Biogeographical distribution of anammox bacterial abundance and specific cellular rate in
Ubiquitous anaerobic ammonium oxidation in inland waters
China Inland Waters. The map were come from web of "Data Sharing Infrastructure of Earth System Science" http://www.geodata.cn. All of the maps used in the manuscript are free. With the map we use the EXCEL software to draw the column or pie at the same bar scale and paste them on the sampling site in the map to create the figure.
Figure 6
Information of quantitative PCR indicating plots of the standard curve (a), the slope was -3.42, and R 2 was 0.99198), the amplification plots of standards samples, negative control and environmental sample of detection limit (b),the melting curves of the standards samples (c) and the melting curve of detection limit sample CZ29-4 (d). Table 1 The biogeographic background of samples in China inland waters and wetland systems Table 2 The physicochemical parameters of sampled sediments and soils in various inland waters and wetland systems Table 3 Spearman correlation matrix between anammox rates and the physicochemical parameters Table 4 Spearman correlation matrix between anammox rates and some biogeographic parameters Table 5 Equations used for the estimated budget of N loss by anammox in China inland waters and wetland ecosystem a Table 6 Spearman correlation between anammox abundance and N 2 O flux Table 7 Equations used for the calculation of anammox and denitrification rates Graphs showed how we got the rates of anammox and denitrification under different substrate conditions. Three treatments of a sample with 15 N labeled on ammonium and nitrate separately were conducted to verify the exhaustion of nitrate or nitrite (A-a), confirm the occurrence of anammox (A-b), and calculate the anammox and denitrification rates (A-c). When the substrates were insufficient, the N 2 production by anammox and denitrification would stagnate (B), and then the rates of anammox and denitrification were calculated using data before the stagnation (C). When the substrates were sufficient, the rates were calculated directly from the slopes between N 2 production and time (D). 
Information of quantitative PCR indicating plots of the standard curve (a, the slope was -3.42, and R 2 was 0.99198), the amplification plots of standards samples, negative control and environmental sample of detection limit (b),the melting curves of the standards samples (c) and the melting curve of detection limit sample CZ29-4 (d) Table 2 The physicochemical parameters of sampled sediments and soils in various inland water bodies and wetland systems Total N loss in various types of inland waters and wetland ecosystem i
The area of various types of wetlands in China (A) b A = sum of the area of various types of wetlands in China Total area of Paddy field was according to the data from IRRI (IRRI, 2009); The total area of River, Swamp, Lake, Constructed wetland, and Artificial pond were based on Landsat and CBERS-02B remote sensing data (Niu 2012 ). The area of interface (A Interface ) c For River, Lake and Artificial pond, these data were estimated based on the interface research over the past 20 years by Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences (Yin 1995 (Yin , 1995 (Yin , 2006 Wang 2006; Wang 2010; Wang 2012; Zhu 2013) of river A Interface = the total length of river in China (~430,000 km) × the average width of interface (~1 m) × sides (2) of lake and artificial pond A Interface = total perimeter of lake and artificial pond in China (~56,000 km and ~15,000 km) × the average width of interface (~1 m)
The area of open water (A Open water )
A Open water = A -A Interface ii Average activity d, e of anammox (C) C = the average of anammox rates in corresponding type or zone of sampling wetlands
The rates of anammox and denitrification were measured using 15 N isotopic tracing method, shown in Fig 1c, Fig 2b, Fig 3. Contribution of anammox to Total N loss (G total ) G total = (D total /(D total +F total )) × 100% Up to 11.4 % a The number of samples. We have more than two hundred sampling sites, yet it is still limited to estimate the emission budgets of China, especially of inland waters with high heterogeneity. However, it is a little hard to determine how much samples are enough to estimate the emission budgets covering entire China; b The influence of spatio-temporal change and seasonal drought/flood on the area of inland water are not discussed; c The accurate area of hotspot, the heterogeneous and homogeneous area of different inland water are also not determined; d The affection of seasons and temperature on the anammox rate are not discussed. The samples about the temporal anammox rate are very limited; e The paddyfield is the largest contributor of anammox in different inland waters, but whether the anammox rates in different rice growing season also are constant is still not known. 0.000 n 20 ** Correlation is significant at the 0.01 level (2-tailed). Table 7 Equations used for the calculation of anammox and denitrification in intact cores # Equation Explanation
1 A total = F N -1 ×[P 29 N 2 +2×(1-F N -1 )×P 30 N 2 ] N 2 production by anammox in anoxic slurry assays 2 D total =P 30 N 2 ×F N -2 N 2 production by denitrification in anoxic slurry assays 3 r 14 = [(1-ra)×(P 29 N 2 / P 30 N 2 )-ra] / (2-ra) Caculation of r 14 based on ra 4 TN 2 P = 2r 14 [P 29 N 2 + P 30 N 2 (1-r 14 )] Total N 2 production in intact cores 5 A total-in situ = 2r 14 ×(P 29 N 2 -2r 14 ×P 30 N 2 ) N 2 production by anammox in intact cores 6 D total-in situ = TN 2 P-A total-in situ N 2 production by denitrification in intact cores P 29 N 2 and P 30 N 2 are rates of production of 29 N 2 and 30 N 2 in the 15 NO 3 treatment; F N is the fraction of 15 N in NO 3 -. 
The detailed information of sampling sites  Bosten Lake
Bosten Lake (41°49'-41°54' N; 86°43'-86°57' E) is located in the Xinjiang Uygur Autonomous Region, which is the largest inland freshwater lake in China (supplementary Fig. S7 ). The lake, which is about 55 km long from east to west and 25 km wide from north to south, covers an area of 1,100 km 2 . Bosten Lake receives inflow water from a catchment area of 56,000 km 2 . The elevation is 1,048 m above sea level and the water depth ranges from 0.8 to 17 m with an average depth of 9 m.
Bosten Lake is a tectonic lake formed by tectonic subsurface interactions. The average influent and effluent is 2.68 and 1.25 billion m 3 , respectively. The lake water discharges through the Kongque River in the southwest corner. The mineralization degree of Bosten Lake is maintained at about 1.3 g / L.
The annual average atmospheric temperature is 7.9 º C. In January, the average atmospheric temperature is -12.7 º C with the extreme lowest temperature of -30.2 º C and the average water temperature is 0.6 º C. In July, the average atmospheric temperature is 22.8 º C with the extreme highest temperature of 38 º C and the average water temperature is 23 º C.
Sediment samples were collected in the littoral zone (about 2 m from the water / land interface) of Bosten Lake. 
 Tarim River
Tarim River (41°03'-41°04' N; 86°06'-86°07' E) with a length of 2,421 km, which is located in the northern Tarim Basin of Xinjiang Uygur Autonomous Region, is the longest inland river in China and the fifth largest inland river in the world (supplementary Fig. S8 ).
The area of the Tarim River Basin is about 435,500 km 2 . The annual runoff is 39.83 billion m 3 and the water supply is mainly from snowmelt of glacier. The non-repetitive groundwater resources are 3.07 billion m 3 and the total water resources are 42.9 billion m 3 . It is a continental warm temperate zone with extremely arid desert climate, with characteristic of extremely scanty precipitation, intensive evaporation, great daily temperature difference, heavy silt load, plentiful sunshine and heat resources in Tarim Basin. The annual average temperature is around 10.6 to 11.5 º C. In July, the average temperature is 20 to 30 º C and the extreme highest temperature is 43.6 º C. In January, the average temperature is -10 to -20 º C and the extreme lowest temperature is -30.9 º C. The annual average precipitation is 17.4 to 42.8 mm and annual average evaporation is 1,125 to 1,600 mm. The samples were collected in the riparian zone (about 2 m from the water / land interface) of Tarim River close to Koria city. Poyang Lake (28°22'-29°45' N; 115°47′-116°45′ E) is located in northern Jiangxi Province. As a tectonic lake, Poyang Lake is the largest freshwater lake and the second largest lake in China (supplementary Fig. S10 ). It is 173 km long from north to south and 50-70 km wide from east to west.
The narrow part in the north of the lake is only 5 to 15 km long and the average width of the lake is 16.9 km. The length of the lake shoreline is 1,200 km.
The annual average water level is 12.86 m. The area of the lake surface is 4,070 km 2 and the water storage capacity is 30 billion m 3 maximumly. When the lake is at its lowest water level of 5.9 m, the area of the lake surface is only 146 km 2 and the water storage capacity is 450 million m 3 . The area of Poyang Lake basin is 162,200 km 2 . Poyang Lake is the largest wintering area for swans and white cranes (accounting for more than 98% of the wintering white cranes in the world). Hundreds of thousands of swans return here every year. The sediment samples were collected in the Jiujiang section of Poyang Lake.
Figure S10 Landscape and geographical distribution of the sampling site in Poyang Lake. The photograph was taken by author Guibing Zhu. The map were come from web of "Data Sharing Infrastructure of Earth System Science" http://www.geodata.cn. All of the maps used in the manuscript are free. The geographical distribution of sampling sites was drawn with software ArcGIS.
 Dongting Lake
Dongting Lake (28°30'-30°20' N; 110°40′-113°10′ E), as the second largest freshwater lake in China, is mainly located in northern Hunan Province (supplementary Fig. S11 ). The average altitude of the lake is 33.5 m and the maximum depth is 30.8 m with an average depth of 6-7 m. The area of the lake region and the lake surface is 2,820 and 4,040 km 2 , respectively. The water storage of the lake is 17.8 billion km 3 .
The annual average temperature of Dongting Lake is 16.4 to 17 º C. In January, the average temperature is 3.8 to 4.5 º C with the lowest temperature of -18.1 º C. The frost-free period in lake region is 258 to 275 d and the annual precipitation is 1000 to 1400 mm. As a major lake of Yangtze River Basin, the annual average runoff of Dongting Lake is 201.6 billion km 3 , which approximately accounts for 21% of the surface water in Yangtze River.
The sampling site was located at the Yueyang section in Hunan Province. Soil and sediment samples were collected in the littoral zone (1 m and 3 m from the water / land interface). Figure S11 . Landscape and geographical distribution of the sampling site in Dongting Lake. The photograph was taken by author Guibing Zhu. The map were come from web of "Data Sharing Infrastructure of Earth System Science" http://www.geodata.cn. All of the maps used in the manuscript are free. The geographical distribution of sampling sites was drawn with software ArcGIS.
 Turpan river
Turpan is located in the middle east part of Xinjiang Uygur Autonomous Region (41°12'-43°40' N; 87°16'-91°55' E). It is 240 km long from north to south and 300 km wide from east to west of Turpan area (supplementary Fig. S12 ).
It is a typical continental arid desert climate in Turpan. Although the annual average temperature is 14.5 ºC , there are more than 100 days per year with a temperature higher than 35 º C and 38 days per
year with a temperature higher than 38 ºC .The annual average precipitation is only 16 mm.
Sampling site was located at the Toyukmazar Grand Canyon. The mountains of the canyon are more than 100 km long and about 500 m high on average with the peak height of 831.7 m. The highest temperature is 47.8 ºC in summer and the highest surface temperature is above 70 ºC at the sampling site, which is the hottest temperature in China. Figure S12 . Landscape and geographical distribution of the sampling site in Turpan River. The photograph was taken by author Guibing Zhu. The map were come from web of "Data Sharing Infrastructure of Earth System Science" http://www.geodata.cn. All of the maps used in the manuscript are free. The geographical distribution of sampling sites was drawn with software ArcGIS.
 The Yellow River
The Yellow River is the second longest river in China and the fifth longest river in the world (supplementary Fig. S13 ). It originates from Qinghai Province and flows through nine provinces before it empties into the Bohai Sea. It has an east-west extent of 1,900 km and a north-south extent of 1,100 km of Yellow River. The overall length is about 5,464 km with the basin area of 795,000 km² .
The altitude of the estuary is 4,830 m lower than that of the river source.The annual average discharge of the Yellow River Basin is about 1,775 m 3 / s and the annual average runoff is 58 billion m 3 with the annual average runoff depth of 77 mm. The water resource of the basin is 593 m 3 / capita and the unit-area average irrigation water consumption is 5410 m 3 / ha. The maximum width of river mouth area is 1,500 m, most of which are around 500 m and the narrowest section is only 50 m. The water depth in the river mouth is around 2.6 m and only 1.2 to 1.6 m for minimum. In the basin area, the percent of rocky mountainous area, hilly and loess area, windy desert area and plain area are 29 %, 46 % , 11 % and 14 %, respectively. The sediment sample was collected under the Yellow River Bridge of Lanzhou section. Figure S13 . Landscape and geographical distribution of the sampling site in Yellow River. The photograph was taken by author Guibing Zhu. The map were come from web of "Data Sharing Infrastructure of Earth System Science" http://www.geodata.cn. All of the maps used in the manuscript are free. The geographical distribution of sampling sites was drawn with software ArcGIS.
 Ulansuhai Nur
Ulansuhai Nur, which located in the Bayannur city of Inner Mongolia, is one of the eight largest freshwater lakes in China (supplementary Fig. S14 ). Ulansuhai Nur is a large scale grassland lake which is scarcely located in a desert and semidesert region. The lake is the largest wetland in the same latitude on earth. The area of the lake is about 293 km 2 , with an altitude of 1,018.5 m. The lake has a north-south extent of 35 to 40 km and an east-west extent of 5 to 10 km. The depth of the lake is 0.5 to 1.5 m with the maximum depth of 4 m. The water retention capacity is 2,500 to 3,000 million m 3 .
The formation of Ulansuhai Nur is caused by the diversion of Yellow River, which is so called furiotile-lake. Recent years, large amount of nutrient was poured into the lake. The scale of macrophytic enlarged year by year and Ulansuhai Nur was turned into a grassland lake. Therefore, this young lake has showed an aging trend. The thickness of upper layer sediment which is constitute of lithologic silt sandy loam is 0.2 to 0.5 m. It appears to be black-gray colour with offensive odor.
The particle composition is mainly fine-sand. The deeper part is light yellow original soil. Both the riparian sediments and waterward sediments were sampled in middle area of Ulansuhai Nur. Figure S14 . Landscape and geographical distribution of the sampling site in Ulansuhai Nur. The photograph was taken by author Guibing Zhu. The map were come from web of "Data Sharing Infrastructure of Earth System Science" http://www.geodata.cn. All of the maps used in the manuscript are free. The geographical distribution of sampling sites was drawn with software ArcGIS.
 The Old Summer Palace
The Old Summer Palace is located in Beijing city, the capital of China. It was built in 1707 in Qing Dynasty and the total area is 350 ha with the lake area of 140 ha (supplementary Fig. S15 ). It is a royal garden built by the emperors of Qing Dynasty and is a famous attraction in Beijing. The Old Summer Palace Lake is a typical city lake, the water supply is mainly from city rivers. The sediment samples were collected from the riparian zone of the lakes in Old Summer Palace. Figure S15 . Landscape and geographical distribution of the sampling site in Summer Palace Lake. The photograph was taken by author Guibing Zhu. The map were come from web of "Data Sharing Infrastructure of Earth System Science" http://www.geodata.cn. All of the maps used in the manuscript are free. The geographical distribution of sampling sites was drawn with software ArcGIS.
 Songhuajiang River
The Songhuajiang River Basin is located in the north part of northeastern China (supplementary Fig. S16 ). The river originated from the Tianchi Lake in Changbai Mountain at the border of China and North Korea. It has an east-west extent of 920 km and a north-south extent of 1,070 km and the total length of the river is 1,927 km, which is the largest tributary in the right bank of Heilong River.
The basin area is 556,800 km 2 accounting for 30.2% of the Heilongjiang Basin. The runoff is 75.9 billion m 3 which is more than that of the Yellow River.
The Songhuajiang River Basin locates in the north temperate monsoon climate zone with large temperature difference within one year. The annual average temperature is 3 to 5 °C. The highest temperature occurs in July at 20 to 25 °C on average and the highest temperature in history could reach more than 40 °C. The lowest temperature was lower than -20 °C in January. The sediment sample was taken from the riparian zone of both sides of Songhuajiang River in Harbin section. Figure S16 . Landscape and geographical distribution of the sampling site in Songhuajiang River. The photograph was taken by author Guibing Zhu. The map were come from web of "Data Sharing Infrastructure of Earth System Science" http://www.geodata.cn. All of the maps used in the manuscript are free. The geographical distribution of sampling sites was drawn with software ArcGIS.
 Chaohu Lake
Chaohu Lake is located in the middle of Anhui province, which is one of the five largest freshwater lakes in China (supplementary Fig. S17) . The Lake has an east-west extent of 21 km and a north-south extent of 54.5 km. The total lake shoreline length is 184.66 km and the insulosity of the Lake is 0.13 %. The lake area is 753 to 774 km 2 with the water resources of 1.72 to 3.23 billion m 3 when the water depth was 8 to 10 m. Chaohu Lake is a tectonic lake and has a north subtropical 
 Yongding River
The Yongding River located in southwest Beijing is the longest river in Beijing (supplementary Fig. S18 ). It is 650 km long and the basin area is 50,500 km 2 (45,063 km 2 for mountain area and 1,953 km 2 for plain area River. The photograph was taken by author Guibing Zhu. The map were come from web of "Data Sharing Infrastructure of Earth System Science" http://www.geodata.cn. All of the maps used in the manuscript are free. The geographical distribution of sampling sites was drawn with software ArcGIS.
 Shahe reservoir
Shahe reservoir is located in Changping district of Beijing City (supplementary Fig. S20 ). The reservoir received wastewater from neighbourhood and the water quality was not able to reach the standard of drinking water source. In recent years, a series of actions were taken such as dredging, construction of wetland park, planting hydrophytes and establishment of wastewater treatment plants.
Now, the water quality is improved greatly and the ecology of the reservoir shows its vitality that a large amount of migrant birds like black swans gathered here.
Core samples were taken from the littoral zone of the reservoir. The photograph was taken by author Guibing Zhu with the permission of Dr. Wang. The map were come from web of "Data Sharing Infrastructure of Earth System Science" http://www.geodata.cn. All of the maps used in the manuscript are free. The geographical distribution of sampling sites was drawn with software ArcGIS.
 Jiaxing paddy soils
The long-term fertilized paddy soil used in this study is located at Meilin Town, Jiaxing City, Zhejiang Province, China (E 120°41'54.7", N 30°45'51.4") (supplementary Fig. S22 ). This site represents a typical agricultural region of subtropical China. It has a subtropical monsoon climate with an annual rainfall of 1,300 mm and annual average temperature of 18 °C.
The Jiaxing paddy soil was planted with rice twice in February and October every year with the practice of feeding livestock waste for more than 25 years. A long-term fertilizer practices was fed with livestock waste including urine, dung and flushing water which was primarily fermented and stored in the fermentation tank to fertilize the paddy soil periodically. The fertilized wastewater was characteristic of high ammonia, total nitrogen and chemical oxygen demand. The soil is classified as agri-udic ferrosols with a silty clay texture (clay 40.0%, silt 55.0% and sand 5.0%) derived from quaternary clay earth.
The soil samples were collected in November (autumn) 2008 at depth from 0 to -100 cm. Three soil cores (approximately 5 cm diameter) with different depths (every 10 cm) were taken from each plot and mixed to form one composite sample. canal has large time gradient of water level because it undergoes drought and flood periods intermittently, and the construction of numerous dams promotes the violent interaction of surface water and groundwater. With the rapid developing of Beijing, North Canal has turned to be the major sewage river because the rivers from the suburban areas of Beijing all empty into North Canal, resulting in serious pollution in the river and the water quality along the major water body is worse than Grade V, the worst water quality standard for surface water in China. The complex water environment, wide area of floodplain, high heterogeneity of landscape and great biodiversity make this area to be a ideal experimental field for the study of anammox.

Ningxia paddyfield
The paddy field is located at 35°14' -39°23' N and 104°17' -107°39' E in Ningxia Hui Autonomous
Region with an altitude of 1100 to 1200 m (supplementary Fig. S24 ). The Region is far from the ocean and the climate varies greatly between the north and south edge. The southern part of Ningxia locates in the semiarid region of the south temperate zone, while the northern and central part locates in the arid and semiarid region of the temperate zone, respectively. The annual average temperature is 5 to 9 °C and the precipitation is mostly occurred in summer. The south part normally receives more precipitation.
There are more than 110 days when the daily average temperature is higher than 10 °C and more than 30 days when it is more than 18 °C in one year. The paddy field is irrigated with the water from Yellow River. The abundant water source and high water quality ensure the area an ideal place for the rice planting. Jiamusi swamp has a climate of humid or sub-humid continental monsoon in temperate zone.
The annual sunshine time is 2400 to 2500 hours. The average temperature in January and July is -21to -18°C and 21to 22°C, respectively. The annual accumulated temperature varies from 2300 to 2500 °C.
The frost-free period is 120 to 140 days and the frozen period is as long as 7 to 8 months with the maximum frozen depth of 1.5 to 2.1 m. The annual precipitation is 500 to 650 mm and 75 to 85 % of the them occur during June and October. As a main rice producing area, there is a long history of rice planting in the Prefecture. The fecund soil, densely distributed rivers and adequate water resource make it an ideal place for rice planting.
The Prefecture has a temperate and humid monsoon climate. The annual sunshine time is 2300
to 2500 hours and the frost-free times is 100 to 150 days. The annual precipitation is 500 to 700 mm.
The day and night temperature difference is more than 10 °C and the largest one is 17.4 °C, which is favour to the formation of the dry matter in rice. So the rice here is often of high quality and nutrition.
 Qinghai-Tibet Plateau swamp
Qinghai-Tibet Plateau lies in 25°-40° N;
74-104°E. It is the highest plateau in the world with the average elevation higher than 4,000 m (supplementary Fig. S28 ). It is also called "The Roof of the World" or "The Third Pole". The Plateau is full of glaciers, alpine lakes and alpine swamps. Many important rivers in Asia are originated from the Plateau.
The alpine swamps are widely distributed in Qinghai-Tibet Plateau. It is mostly caused by the plateau cold climate in the following three aspects:
1) The effect of evaporation is usually weak due to the low temperature in high altitude zone.
2) The abundant melt water accumulated in lowland.
3) Large area of impermeable layer was formed because of the frozen soil layers in the plateau.
As the highest swamp in the world, the average elevation of this area is 4,000 m with the highest point of 5,350 m. The annual temperature is 1-3 °C and the annual precipitation is 300-700 mm, which shows a cold and moist climate. The water resource is abundant with plenty of meltwater or fountains.
High sunlight intensity and low temperature at night lead to high plant productivity and hard to decomposition in the swamp. Peat is easy to be accumulated in the swamp and turns into peat soil or peat mire soil. Plants that often appear in the north temperate zone are easy to be observed and the Cyperaceae Kobresia Willd controls the plant community in the swamp. According to preliminary 

Antu reservoir
Antu reservoir which is located in Buerhatong River of Jilin Province is an artificial reservoir built in 1968 (supplementary Fig. S30 ). Impacted by the monsoon, it is hot and rainy in summer with the highest temperature at 36 °C, whereas it is cold and dry in winter with the lowest temperature at -36 °C in this area. The regular capacity of the reservoir is 37.03 million m 3 with the catchment area of 370 km 2 and the height of 382 m. Antu reservoir is also the drinking water source of Mingyue Town, Antu
County. Plain. Meihekou City has a temperate continental monsoon climate and the annual average temperature is 4.6 °C. The city has long been enjoying the prestige of "a city with a thousand reservior" and "a land flow with milk and honey" due to rich water resources. It is the national commodity grain base and the key producing area of high quality rice.

Changshu paddy field
There are 30 000 hm 2 of paddy field in Meihekou City where the eco-environment is very suitable for rice planting.

Shimen swamps
Shimen swamps (42°01′-43°24′N; 127°48′-129°11′E) is located at the southwest corner of the Yanbian Korean Autonomous Prefecture, Jilin Province (supplementary Fig. S33 ). The climate is characteristic of short growth period for vegetation, 
